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rier islands protect the coast. The
problem with barrier islands is
that they may, and often do
migrate. Given the right cir-
cumstances, a barrier island may
move quite a distance, leaving
homes virtually at ocean edge.
Erosion because of man-made
structures is not the only threat to
coastal beaches. Particularly
ominous is the possibility of an oil
or chemical spill. The cost, need-
less to say, would be on a multi-
tude of levels. Important flora and
fauna could be lost, as would the
aesthetic appeal of the beach. If a
shoreline is unappealing, fewer
people will travel to it; economies
based on tourism could sub-
sequently suffer. But the threat
does not have to be environmental,
per se, to be serious. Plastic wash-
ing ashore is bad enough, but other
types of waste, such as hypodermic
needles, could be critical. When
needles appeared on some North-
east beaches, an alarmed public
kept at a decided distance from the
coast. .:.
gentler waves of summer push the
stored sand back up on the beach.
In addition, large amounts of sand
can be moved parallel to a shore by
a longshore current, created when
waves approach from an angle.
Man-made structures can inter-
fere with this natural process.
Seawalls, structures built back
from and parallel to the shore, can
prevent the exchange of sand be-
tween beachfront dunes and the un-
derwater beachslope; when sand is
removed by strong storms it may
not be replenished. These walls
can also intensify the longshore
current, causing more sand to be
removed from the beach. In other
cases a man-made structure may
work perfectly well for a property
owner, but result in sand being,
"robbed" from adjacent lots. This
is often the case with a groin, a
wall built perpendicular to the
shore. Sand is trapped on one side
but on the other side land is
deprived of the sand that would
have normally been transported by
the longshore current.
Barrier islands are a good ex-
ample of just how dynamic a beach
can be. As the name implies, bar-
B eaches appear indestruc- tible. Their apparent
resilience to the onslaught
of people, dune buggies,
wind, sea and storms would lead
one to believe that they could not
be readily harmed. Not so.
Beaches are susceptible to damage
by people and natural forces.
Coastal beaches are dynamic
and, in a sense, paradoxical.
Erosion helped create them and is
part of the daily and seasonal
transformation of beaches. But
erosion-aided by sea-level rise, a
series of storms timed closely
together, or misinformed man-
made intervention-can also make
beaches disappear.
Coastal beaches are landforms
created by the energy dissipated
through waves. The sand forming
anyone beach is made up of the
material which is available: river-
supplied particles from upland
erosion, glacial deposits, or par-
ticles from nearby bluffs. The rem-
nants of coral, shells, sea-urchins
and other marine life are the base
material of some beaches. Coastal
winds playa role, too, as they
transport material to form dunes
in the backshore areas. Dunes,
serving as a sand storage system,
enhance the resiliency of the beach
during storms.
Even though they seem station-
ary, coastal beaches are in per-
petual motion. The water moving
between the beachfront and the un-
derwater part of the beachslope
transports sand back and forth
with every wave. Seasonally, the
effect of this motion is much more
dramatic. Winter storms normally
carry more energy; the waves con-
sequently remove more sand from
the beach, storing it offshore. The
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Sea oats. Photo by Susan Waters.
near the seashore, to sea rockets in
overwas}vupper beach slope areas
and, a short distance away, persim-
mon in the stable dunes. Many of
these plants, such as sea oats,
serve the utilitarian purpose of
helping stabilize the dunes; this
plant's extensive root and rhizome
system not only keeps it in place,
S alt, wind and sea make
shorelines an inhospitable
environment for most life
forms. It is only through
specialized adaptations that plants
and animals are able to survive.
Plants must be able to
withstand routine or sporadic flood-
ing by salt water. Further away
from the ocean, other plants must
be able to tolerate ocean spray or
strong winds bearing salty sand.
Plants able to flourish in this
harsh environment are commonly
called halophytes. Some plants,
such as salthay, smooth cordgrass
and sea lavender have salt glands
which actually secrete excess salts.
Other species, such as saltwort and
seashore-elder are able, through
succulence, to store fresh water for
future use. Adaptations are many
and include reducing the total
evaporation surface by curling
leaves during the heat, and some
plants have evolved a miniature
growth habit in wind swept areas.
Occasionally plants use several dif-
ferent strategies to survive.
Most amazing perhaps is the
sheer number of species which can
often be found from the dunes to
slightly inland in undeveloped
areas. This is certainly the case
with Virginia's Seashore State
Park, which includes a maritime
forest. There one can find
seashore and salt marsh plants,
cacti, Spanish moss draped over
cypress trees, and the ghostly ~n-
dian-pipe, a plant which complete-
ly lacks chlorophyll and lives on
organic matter. This is certainly
not the only place in Virginia
which boasts a large plant popula-
tion on and near the ocean. Care-
ful observation at many locations
will reveal diverse plant life, from
resilient sea oats in loose sands
but also lessens the movement of
sand.
Animals which live on or near
the coast are also uniquely adapted
to their environment. The little
gray barnacle lives a precarious
life at the water's edge slightly
above high-tide mark; it is depend-
ent on wave splash for its nourish-
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the water between grains of sand;
a whole host of shellfish-chan-
neled and knobbed whelk, blood
ark, angel wing, giant Atlantic
cockle-inhabit the area ranging
from intertidal to just below the
ment and to transport its larvae.
A burrowing animal like a ghost
crab lives in the sands but must
return to sea to lay eggs and to oc-
casionally moisten its gills.
While the coast might appear
not be the same without the sound
of their different calls.
It goes without saying that
some life, even though it is not
overly appreciated, is firmly
entrenched at the seashore. As
any seashore enthusiast knows, in-
sects make their presence known
despite their small size.
While there is not enough
space here to give a comprehensive
list of seashore plants and animals,
there is room for a brief mention of
horseshoe crabs. Related more to
spiders than crabs, horseshoe
crabs make use of the shoreline
even though they are typically
found from near the low-tide line
to water 75 feet deep. In certain
parts of the coast, they clamber
ashore en masse to mate and lay
eggs. In a few weeks, long after
the adults return to sea, the minia-
ture horseshoe crabs hatch.
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G1?ne Silberhorn's Common
Plants of the Mid-Atlantic Coa.~t is
especially helpful in plant iden-
tifzcation. The book not only in-
cludes beach, dune and maritime-
forest plants, but also a large sec-
tion on wetland plants. It can be
purchased at the Virginia Institute
of Marine Science bookstore,
Gloucester Point, Virginia 23062.
barren oflife, it is not. Much of the
life is hidden. Sand-dwelling
animals often forage outside of bur-
rows at night; minute, even micro-
scopic animals and plants are in
low-tide level.
Birds are certainly the most
visible wildlife on the shoreline-
so much so that the experience of
being at the edge of the sea would
5
shoreline, the Atlantic
coast immediately
comes to mind. But
there are over 5,000 miles of tidal
shoreline in Virginia-the majority
of which are estuarine, along the
Chesapeake Bay and its
tributaries.
While estuarine shores might
appear stable on a day-to-day
basis, they can be severely eroded
by wave action created by storms
like hurricanes and northeasters.
Coping with erosion, that is ensur-
ing that land is not lost, began in
earnest with a Virginia Sea Grant
program. Later, demand for this
service increased, and the program
evolved in the early 1980s into
Shoreline Erosion Advisory Ser-
vice, operated by the Virginia
Department of Conservation and
Recreation. The Sea Grant advisor
became the technical assistant to
the new program.
Preventing erosion is the most
obvious goal of the current
Shoreline Erosion Advisory Ser-
vice. However, effective manage-
ment of shoreline aims to prevent
excess nutrients from reaching the
Bay, to create habitat, and in some
cases, when sand fill is used, to pro-
vide a beach for recreational use.
Ideal conditions would call for soft
structures such as sand to be used
in shoreline management; how-
ever, less than perfect circumstan-
ces exist on estuarine shores. As a
consequence, a combination of
strategies is commonly used.
Shoreline management
strategies should be addressed on
a "reach" basis. A reach is a seg-
ment of shoreline wherein the
erosion processes and responses
are mutually interactive. A techni-
cal assessment of a given reach
would begin with determining
some of these important variables:*
.Wave height-this variable is in
turn dependent upon the fetch
(the length of open water facing
the shoreline), the wind speed,
direction and duration, and near-
shore water depth.
.Depth offshore-shallow water,
such as tidal flats, helps reduce
wave energy better while deeper
water in the nearshore area al-
lows a greater proportion of the
wave energy to reach the shore.
.Bank height-the height of the
shore bank immediately behind
the sediment beach (if present)
or shoreline. For a given reces-
sion rate, the bank height deter-
mines how much material
enters the estuarine system.
.Bank composition-tight clay or
well-cemented sand resist
erosion better than soft clay or
uncemented sand.
.Width and elevation of sand
beach-a sand beach is a
natural buffer to wave activity.
.Abundance of vegetation-
vegetation (grasses and vines)
on the shore bank nearshore
and beach hold the sediment
and baft1e wave action.
.Shoreline geometry-the general
shape of the shoreline. Ir-
regular shorelines like marshes
tend to break up wave energy
better than straight shoreline.
.Shoreline orientation-the
general geographic direction the
shoreline faces, along with the
fetch, influences the degree of ex-
posure to wind wave attack.
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have been assessing headland
breakwaters for use on estuarine
shorelines. (In this case a break-
water is not a long continuous wall
built parallel to the shore, but
several of these structures, with
gaps in between. See the above
photo.) In one study, headed by
Scott Hardaway and funded jointly
by the U.S. Corps of Engineers and
the Virginia Department of Conser-
vation, eight Virginia sites were
analyzed. Five sites were on the
James River, two on the York, and
one on the Potomac. These sites
are representative of215 miles of
estuarine shoreline. Analysis of
the sites included quarterly shore
profiles, aerial photography, sedi-
ment sampling and analysis, and
in some cases computer wave-
modeling. All eight sites repre-
sented different fetch exposures
and shore orientation.
The Drummond Field Breakwater
Project is on the north shores of the
James River. The purpose of the project
was to provide maximum protection of
private property during southeast and
southwest storm conditions. The project
consists of six stone-gapped breakwaters
which vary in length from 70 to 110 feet.
In short, and greatly
simplified, headland breakwaters
represent an effective approach to
shoreline management. They ap-
pear to be best suited for.long
stretches of agricultural, wooded
and unmanaged shorelines.
* The variables listed are from
a booklet entitled Shoreline
Erosion in Virginia, a Sea Grant
publication for the general public.
The booklet was written by Scott
Hardaway and Gary Anderson.
.Boat wakes-waves from boat
wakes may severe)y affect a
shoreline which is close to or on
a boat channel.
The typical protection of es-
tuarine shoreline has consisted of
methods ranging from stone revet-
ments to vegetative controls (the
planting of marsh grass to create a
wave-dampening marsh fringe). In
recent times a combination of
marsh grass and breakwaters has
been used; marshes, in the correct
setting, are able to absorb storm
wave action, the main culprit in es-
tuarine shoreline erosion. The
thick mat of roots and rhizomes
helps keep sediments in place.
Marshes also act as filters, abating
the flow of nutrients into the Bay.
The configuration of anyone site is
highly dependent on the variables
listed above.
Of late, scientists at the Vir-
ginia Institute of Marine Science
7
A number of urban
shorelines in the state
have evolved in recent
years from neglected par-
cels of land, to places where
anyone can walk, shop, dine, be
entertained or just enjoy being by
the water. Hampton, Norfolk,
Portsmouth and Alexandria are all
prime state examples of this
nationwide trend.
Virginia Sea Grant has been in-
volved with waterfront develop-
ment issues on a number of levels.
In addition to conducting
workshops, Sea Grant also per-
formed an analysis of Norfolk's an-
nual festival, Harborfest. This
work was headed by Jon Lucy,
Recreational Specialist at Marine
Advisory Services.
In its infancy Harborfest was a
rather humble event, but it
sparked the unexpected: the
redevelopment of a long-neglected
but important part of Norfolk's
urban shoreline. The festival basi-
cally acted as a catalyst for the am-
bitious transformation of the area,
from parking lots, to waterfront, a
dynamic part of the city.
The first official Harborfest in
1977 was in response to the
popularity of Operation Sail, an
event in which a number of the
world's tall ships travelled from
port to port in the U.S. Operation
Sail helped rekindle interest in not
only Norfolk, but many other har-
bors in the country. From 1977 on,
Haborfest grew by proverbial leaps
and bounds. Current estimates,
which are quite conservative, place
attendance at 400,000 to 500,000
people each year. Harborfest par-
ticipants used to be primarily from
the Norfolk area, but now people
Urban waterfronts like
Norfolk's Waterside and
Baltimore's Haborplace are a
relatively new phenomenon
created, in part, by dramatic
changes in shipping and in-
dustry. There was a time when
waterfronts were indispensable
working areas for shippers and
manufacturers. But containeriza-
tion made it possible to on and
offioad cargo in a fraction of the
time needed before, making
many piers unnecessary. The
popularity of trucking in the post
World War II years also altered
traditional shipment patterns.
Loading areas no longer needed
to be located in a specific port;
goods could be shipped to New
Jersey, for instance, quickly un-
loaded and the trucks dispatched
to receiving markets. Also, as
the national economy shifted
from manufacturing to services,
a number of industrial complexes
on the waterfront were deserted.
Urban shorelines soon fell into
disrepair.
The slow but dramatic
reclamation of the nation's
waterfronts followed a back-to-
the-city movement, a need for
more recreational opportunities
for city residents and the nation-
al drive to clean up waterways.
These are some of the major fac-
tors which made today's
redeveloped waterfronts possible,
but there are undoubtedly more,
such as the tax benefits realized
by firms which restored historic
buildings.
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It goes without saying that beaches are a tremendous
resource for people. Even after sun-worshipers have
abandoned the shore, beaches continue to provide
recreational and aesthetic pleasure. Jack Burns, in
the foreground of the photo above, is an avid
fisherman and conservationist. Jack believes
strongly in releasing the fish he catches.
are flocking to Norfolk from all
over the country, including the
Midwest and even Arizona.
In addition to their entertain-
ment value, festivals instill or
recreate curiosity about maritime
trades, history and craftsmanship.
Renewed interest in Norfolk's
waterfront resulted in the develop-
ment of a boat building school
under the tutelage of a non-profit,
volunteer organization, Nautical
Adventures, Inc. The city also
adopted a Chesapeake work boat,
the Skipjack Norfolk, as its water-
going envoy to maritime festivals
and also as a support vessel for Ex-
plorer Scouts. A watermen's
workboat race has become a
regular and popular feature of the
annual Haborfest. All these ac-
tivities undoubtedly underscore
the unique character of the com-
munity.
Events such as Harborfest and
the many activities planned by
Fest Events for the harbor area
provide relatively inexpensive fami-
ly entertainment close to home.
Virginia Sea Grant's analysis indi-
cated that the people who attend
Harborfest are very attached to its
location. Asked if they would at-
tend the event if it were located
away from the waterfront, 81 per-
cent of the participants said "no."
How did all of these people find out
about Harborfest? Interestingly
enough, word of mouth was the
main way people discovered the
event. Also attesting to
Harborfest's success is its high
return rate; at least 78% of the
patrons told Sea Grant that they
had attended at least one previous
festival. The overriding message
expressed to Sea Grant re-
searchers was that water events
are a main attraction. Without
these elements festival-goers
might just as well attend a local
fair. .:.
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In undisturbed areas along the coast a unique and extremely rich habitat can
develop behind the dunes. Chincoteague National Wildlife Refuge on As-
sateague Island and Seashore Park are good examples of these unusual ecosys-
tems.
PROFILE OF A TYPICAL COASTAL ZONE ECOSYSTEM
( Barrier Island or Barrier Beach)
Maritime Forest Primary Dune
Secondary Dunes Beach
\Swale
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predicting how long a fill will last
at anyone beach. Obviously, bet-
ter decisions can be made with this
information.
Willoughby Spit is residential-
ly developed, and is located at the
west end of the beach system that
Monitoring how the shoreline read-
justed itself was done through
bathymetric surveys, which deter-
mined the topography under
water; tidal and current measure-
ments; bed sediment samples;
wave studies; and monthly map-
ping. Analysis of the
data indicated that
the area studied
loses sand almost
equally to tidal cur-
rents and waves.
This is unusual;
waves normally have
the most impact.
After the fill the
shoreline evolved
rapidly, then slowly,
but always tended
toward its pre-filled
shape.
In addition to ex-
ploring ways of exact-
ly predicting the life
of a fill, this research
resulted in the
development of
remedial actions
which could be taken
to increase the life of
sand fills at Wil-
loughby. Ludwick
and David Basco, a
coastal engineer,
met with Norfolk offi-
cials. A project was
proposed and a
design produced.
Ludwick said that a
great deal of interest
was demonstrated,
and hopes that the project is in the
offing.
forms the southern boundary of the
Chesapeake Bay. Over the years
property owners have used various
groin systems to counter shoreline
retreat. Ludwick's project studied
a western portion of a groin field
which had just been filled with
446,000 cubic meters of sand.
eneath the Bay's deceptive-
-=> ly smooth surface are a
myriad of forces at work,
all of which can cause
large amounts of sand to be lost
from a shoreline. To counter sand
loss, groins-structures built at a
right angle to the
shore-have been
used since antiquity
to trap sand moving
along the shore, and
to keep it in place.
Some of these struc-
tures work exception-
ally well, others do
not. Despite the long
history of these bar-
riers, relatively little
scientific research
has been devoted to
field observation and
measurement of how
groins trap sand.
Sea Grant re-
search by John Lud-
wick, a Geological
IOceanographer at
Old Dominion
University, set about
unravelling how
these protective bar-
riers operate. The
three-year project he
headed concentrated
on an estuarine groin
system, Willoughby
Spit in Norfolk, Vir-
ginia. A substantial
amount of research
has been done on the
intricate, if not
labyrinthian, forces at work near
shores. However, Ludwick's work
differed from many other studies
because he took the tidal currents
into account. In an age when large
amounts of money are spent on
replenishing shorelines, it becomes
important to discover methods for
This Virginia Sea Grant
project is fully described in Coastal
Sediments '87, Vol. 2.
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B alancing coastal develop-
ment, societal needs, and
environmental concerns is
a problem-fraught realm,
and it will not become simpler in
the future. Just how difficult the
entire process can be is the focus of
an educational program coopera-
tively produced by I Video Produc-
tions; Virginia Sea Grant; the
Virginia Environmental Endow-
ment; Virginia Institute of Marine
Science, College of William and
Mary; and The Daily Press/The
Times-Herald in Newport News.
The program, in part coor-
dinated by Sea Grant Educator
Frances Lawrence, aims for a bald-
faced realism, and steers clearly
away from simplistic solutions. It
consists of a video, which gives an
overview of existing coastal
development problems in Virginia,
enough thought-provoking lesson
plans for numerous classes, and ad-
ditional readings.
The video, entitled Coas-
tal Growth: A Delicate
Balance, nicely illustrates
just how temporal coastal
property can be, and how
rapidly barrier islands can
change. Some areas, specifi-
cally on the barrier islands,
were once thriving com-
munities, but are now gone-
engulfed by the sea, eroded
by storms. Importantly, the
video also addresses an inter-
Those are the essential facts
and now each student will serve as
a town council member and will
represent one of these four commit-
tees: Real Estate, Beach Manage-
ment"Recreation, Beachfront
Property Owners.
The study program uses class-
room dilemma discussions to help
students develop analytic and
decision-making skille necessary to
understanding complex issues. In
a dilemma discussion there is no
single right answer. Students en-
counter numerous viewpoints,
learn to take the perspective of
others and to examine and clarify
their own thoughts. Examining
the consequences and implications
of one's own ideas and reflecting on
one's own value system is also part
of the process-all good practice for
what they are bound to encounter
when they graduate. .:.
related ecosystem found on or be-
hind estuarine and seashore
coasts: wetlands. Short interviews
with citizens, officials and scien-
tists underscore the divergent view-
points which exist.
The lesson plans give students
an opportunity to learn through
role-playing. Here is a condensed
version of one of the thorny
scenarios that students must con-
front:
A homeowner lost his
beachfront home and much of his
waterfront lot during a hurricane.
He collected money for the
damages and intends to rebuild,
just as he did six years ago. The
family has lived on the property a
long time.
The town recently enacted a
law prohibiting building homes
closer than 350 feet from the high
tide mark. After the storm, the
family's lot was only 200 feet deep.
Living on the coast has
its perils. This historical
photo depicts a
homeowner's worst
nightmare.
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VIMS scientist Suzette
Kimball's first study focused close.
ly on one of the areas defined by
Hobbs' work. The purpose of her
research was to find sand sources
for Hampton. Not only are the
city's beaches eroding, but
Sand may look like sand
to the casual observer,
but in the world of beach
replenishment, the type
of material needed for an
area should match or be
slightly coarser than
what is naturally found
at the location.
Buckroe, Ocean View and Cape
Henry. Hobbs' research team was
seeking to locate deposits large
enough-some 5.25 million cubic
yards-to be used on Norfolk and
Hampton shores, and on Virginia
Beach. Twenty and then forty-foot
long cores were taken at numerous
locations during the two-part
study. Not only did the scientists
need to find large deposits of sand,
but they also needed to assess the
grain-size distribution; the percent-
age of silt, clay and sand in each
location; and the type and depth of
overlying material at each site.
The mixture of sand, silt and clay
has bearing on the mining, as does
the type of overlying material and
the depth of the deposit. A limited
amount of fine-grained material
overlying a site would not pose
that much of a problem since a
beach could be overfilled to compen-
sate for the washing away of the
finer-grained material. But a thick-
er overlying material could sub-
stantially increase the cost of a
mining venture.
Certainly an important con-
sideration in this study was the
potentialenvironmentalramifica-
tions of sand mining. Of special
concern was the impact on benthic,
or bottom dwelling, marine life.
Hard clams are an important com-
mercial fishery, so surveys of sites
were conducted to ascertain the
economic importance of each site.
Because the submarine topography
would be altered by dredging, scien-
tists also evaluated the potential
modification of wave energy.
Instead of locating 5.25 million
cubic yards, Hobbs and his re-
search team found more than 230
million cubic yards of suitable sand
in the southern part of the
Chesapeake Bay.
Hampton's long-term planning also
calls for an increased use of beach
areas. The sand had to be close
enough to Hampton to keep the
mining costs at a minimum, and
they also had to be located away
from navigation channels. Three
areas were targeted; all contain
mineable sand, and the magnitude
of one deposit, three miles east of
Buckroe Beach, is great enough to
provide Hampton with beach sand
for the next several decades.
Kimball also profiled a large
section of the inner shelf, from
Cape Henry down to the Virginia!
North Carolina state line. These
deposits also needed to be close to
Virginia Beach to make mining
economically feasible. Sediment
cores were used to corroborate
acoustic profiles of the deposits.
There were any number of
sand reserves, but only a few were
of beach quality sand. One site, in
T he conventional technical
wisdom of today calls for
using "soft structures,"
specifically sand, to com-
pensate for sand lost to everyday
erosion and to storms. In the past,
sand was taken from upland pits to
replenish shorelines; however,
those upland areas have more
value now in terms of their develop-
ment potential and are not readily
available for mining.
Above all, foresight is crucial
in shoreline protection. Not only
do back-up sources for long-term
projects need to be found, but a
large quantity of material could be
needed immediately after a violent
storm. With this in mind, scien-
tists at the Virginia Institute of
Marine Science (VIMS) conducted
various studies to locate deposits.
The first, headed by Carl Hobbs,
III, concentrated on sources within
the lower Chesapeake Bay; Suzette
Kimball's later research focused on
one area of Hobbs' work, and in
another study Kimball examined
sand resources off Virginia's
coastline.
Sand may look like sand to the
casual observer, but in the world of
beach replenishment, the type of
material needed for an area should
match or be slightly coarser than
what is naturally found at the loca-
tion. An ocean beach exposed to
the full brunt of waves will probab-
ly need a coarser sand than a
protected area in the upper
reaches of the Bay. If fine sand
were placed on that hypothetical
ocean beach, it probably would be
washed away in a short amount of
time.
Hobbs' inventory established a
baseline of data about massive
sand reserves in the southern most
part of the Chesapeake, just off
14
In the top photo sand is being pumped to a Scott's buoy (in the
foreground). The Scott's buoy acts as a mooring and transfer point,'
sand is pumped from the buoy to shore. In the bottom photograph the
East Ocean View beach is being replenished. Ultimately, 133,000
cubic yards were placed here during fall of last year. These photos are
by Jack Frye, Shoreline Programs Manager, Department of
Conservation and Recreation, Division of Soil and Water
Conservation. Shoreline Programs started as a Sea Grant project and
later evolved into a state program. The state gives erosion control
advice and technical assistance to tidal shoreline owners.
the vicinity of False Cape, contains
at least three million cubic yards of
sand. While this material is at a
distance from Virginia Beach, it
could be considered an emergency
reserve in the event the area is hit
by a catastrophic storm. Other
areas yielded deposits offine sand
and silt which could be used as
short-term relief for an eroding
coastline, but not for prime recrea-
tional beaches. The most promis-
ing site is a large sand shoal three
miles east of Sandbridge Beach. A
conservative estimate of the
volume of beach quality sand is
slightly less than forty million
cubic yards. Kimball believes that
the site may well contain twice as
much sand.
In addition to finding sand
deposits, Kimball's study also
added to information about
Virginia's coastline history. Over
time, the coast has receded and ad-
vanced a number of times. It is
fairly common knowledge among
Virginians that much of what is
now land in the Tidewater area
was once covered by water. But at
other times, specifically during the
Ice Age, the coastline extended fur-
ther out than it does now. Hidden
below the water is actual physical
evidence of the changes caused by
earth's turbulent climatic fluctua-
tions. .:.
15
..
Hurricane Hugo
poised off the At-
lantic coast, and
headed for Char-
leston, South
Carolina. This
photo of Hugo, at
approximately 1
p.m. September
21, 1989, was
taken by theNa-
tional Oceanic and
Atmospheric Ad-
ministration
(NOAA,).
struck Toronto, Canada. In the
Toronto area alone Hazel killed 78
people, and caused $100,000,000
worth of damage. In total that
The storm surge is the most
dangerous part of a tropical
cyclone, according to the National
Oceanic and Atmospheric Ad-
ministration. Their figures indi-
cate that nine out ten deaths are
caused by the storm surge, a great
swell of water which hits the
coastline near where the eye of the
hurricane makes landfall. In an in-
teresting analysis by Virginia's
Climatology Office, specialists
there put forth that Charleston
was actually spared the full impact
of Hugo. The brunt of the storm
surge was north of that South
Carolina city. "A storm of Hugo's
track and conformation will
produce the greatest damage imme-
diately to the north of the eyewall-
10 or so miles north of Charleston
...Therein lies the foundation of a
potentially destructive myth: be-
cause Charleston experienced the
eye of a powerful hurricane and
~
it. ..if Hugo's center had
intersected the coast
about fifteen miles far-
ther to the south, the
surge in Charleston
would have been ten feet
higher, and the struc-
tural damage would
have been astronomical."
storm system killed between 600
and 1,200 people, and caused some
$350,400,000 of property damage,
a sizeable amount for the time.*
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heat released from condensing
water vapor.
Over the years a number of
people have attempted to translate
the energy of a hurricane into
terms which can be readily under-
stood. These estimates of the ener-
gy equivalent differ quite a bit but
one, put forth by the authors of At-
lantic Hurricanes, is enough to
give one pause: an average hur-
ricane extracts 20,000,000,000 tons
of water out of vapor each day. It
would take the energy equivalent
of 500,000 atomic bombs
(Nagasaki-type) to make that sort
of heat energy transformation.
*The estimates of damage and loss
oflife vary from source to source.
These figures are from Atlantic Hur-
ricanes, written by Gordon Dunn and
Banner Miller, meteorologists from the
National Hurricane Center. .:.
came away without massive death
and destruction, it is therefore rela-
tively impervious. In fact, if
Hugo's center had intersected the
coast about fifteen miles further to
the south, the surge in Charleston
would have been ten feet higher,
and the structural damage would
have been astronomical."
Thankfully, the number of
tropical cyclones which threaten
the Atlantic coast are few in num-
ber-about six a year. However,
that number only reflects an
average. In 1950 there were
eleven and in other years there
have been none. Tropical cyclones
which could impact the eastern
United States originate off the
coast of Africa, in the Caribbean
Sea and the Gulf of Mexico during
the months of June through
November. They are fueled by the
A structure does
not have to be
directly in the
path of a
hurricane's eye to
sustain damage.
This photo was
taken at least 70
miles north of
where Hurricane
Hugo made
landfall. This
photo is by Bill
Jordan, staff
photographer at
The News and
Courier in Char-
leston, South
Carolina.
of the greatest contributions ever
made to society!
"Very beautiful, interesting
and wonderful" were the words
N atalya and Inna used to describe
what they saw and experienced in
the U.S. The experiences at VIMS,
the visits to the Smithsonian were
very educational and would stay
with them for a long time, they
said. At VIMS the students
worked with mentors on research
projects in wetlands, fisheries, ben-
thic ecology, oyster biology and
resource management. But the
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During that weekend many of the
students were able to see Soviet
ships docked nearby, and the
ocean. ..a first for many students,
since their home cities are at a dis-
tance from the ocean.
It's hard to convey the extent
of the good rapport that was estab-
lished between the Soviets and
VIMS students, staff and faculty.
It has to do with the young en-
thusiastic students, two different
cultures which have been led to
believe throughout the Cold War
that they were at irreconcilable
odds and found out they have more
in common than imagined. Truth
be said, by the time the Soviets
boarded the bus there was hardly a
dry eye in the house.
The VIMS Governor's program
was sponsored by the Virginia
Department of Education, Office of
Programs for the Gifted. The
People to People Youth Exchange
program hosted the Soviets. .:.
adjust to American food. Yellow
apples are apparently not the
usual fare in Siberia and with
hesitation a few students tried
them, and decided they were good
despite their color.
Political differences often fall
away when groups of people are
together-even if their countries
are diverse-and common ground
surfaces. University and political
systems, societal needs and pres-
sures, seem to engender many of
the same problems and responses.
However, there are many economic
differences between the two politi-
cal systems. Recent changes in the
Soviet Union are allowing in-
dividuals to earn more money, but
that economic change has been ac-
companied by a dramatic crime in-
crease, a phenomenon Americans
have all but become used to, but
which is alarming to Soviets.
During their stay, the students
worked daily with VIMS mentors,
did field work, visited Colonial Wil-
liamsburg,
Jamestown,
NASA and
Busch Gar-
dens, cruised
on the Bay,
and stayed a
weekend with
college faculty
and staff
families.
week wasn't all science: a very soft-
spoken Inna said she rode the Loch
Ness at Busch Gardens lZ times,
and was jokingly chagrined at an
American beating her with 22
rides.
On the more serious side,
Eugene thought it was important
the students see how Americans
work. The entire experience, he
thought, would be very useful in
the future, would spark their im-
agination. Seeing the natural his-
tory part of the Smithsonian
museum complex was important
because the students were able to
see the complexity of nature
firsthand. Too much of science,
Eugene said, is taught on a black-
board, and within the confines of a
room and only words and mathe-
matical formulas to look at, science
can become too abstract. Experien-
ces in the field, or in a museum
make science into a reality which
will be much more readily remem-
bered than a lesson written on a
blackboard, he said.
Sweet Hall Marsh, where scien-
tists are doing a number of studies
on tidal freshwater wetlands,
proved to be far different than the
landscape many students were
used to seeing in Siberia, a vast
region of over 5,000,000 square
miles extending from the Ural
mountains to the Pacific. Tundra,
a treeless area with a frozen sub-
soil, is the fragile ecosystem of
Siberia because it slowly builds up
and is easily destroyed. By com-
parison, the tidal freshwater mar-
shes the Soviets saw here looked
tropical, lush, and deceptively
resilient (these marshes are also
susceptible to damage but in a dif-
ferent way).
Another thing which was dis-
tinctly different for Soviet students
was the food. Anyone who has
been to a foreign country knows
that the food just doesn't look or
taste the same as it does at home,
even if it goes by the same name.
It took a few days for the Soviets to
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Cover photo: American Beach
Grass. On the right: civilization
has had a pretty uncivilized
impact upon beaches. Most of the
debris found on a beach, some 62
percent, is plastic, according to
the National Marine Debris Data
Base. (Photos by Susan Waters.)
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